Abstract: Damage to crops from wildlife interference is a common threat to food security among rural communities in or near Game Management Areas (GMAs) in Zambia. This study uses a two-stage model and cross-sectional data from a survey of 2769 households to determine the impact of land use planning on the probability and extent of wildlife-inflicted crop damage. The results show that crop damage is higher in GMAs as compared to non-GMAs, and that land use planning could be an effective tool to significantly reduce the likelihood of such damage. These findings suggest that there is merit in the current drive to develop and implement land use plans to minimize human-wildlife conflict such as crop damage. This is especially critical as Zambian conservation policies do not explicitly provide compensation for damage caused by wildlife.
Introduction
In sub-Saharan Africa, the basic needs of most rural poor households-food, water, fuel, clothing and shelter-are usually met by natural resources and ecosystem services from the land around them. However, the increase in population growth means that the capacity of the land to support increasing demands continues to diminish [1, 2] . In areas around game reserves, agriculture also must compete with wildlife for resources. The ever-increasing demand for land among competing uses suggests a need for land use planning to maximize benefits, minimize losses, and avoid conflict.
The objective of a land use plan is to select and put into practice those land uses that will best meet the needs of the people while safeguarding resources for the future [1] . In Zambia, land use planning in Game Management Areas (GMAs) has been promoted and facilitated by the former Zambia Wildlife Authority (ZAWA) since around 1998 (in 2015, ZAWA was replaced by the Department of National Parks and Wildlife). In Zambia, preparation of land use plans involves the standard format determined by ZAWA and involves a strategic planning process, which addresses ecologically complex areas as influenced by ecological and socio-economic forces surrounding the protected areas [3] . Land use planning is an activity that involves analysis of future community needs, and it typically involves public engagement regarding community goals, alternatives for the future, and the development of a community vision. Land use planning is a consultative process involving stakeholders including the local communities which shows how a particular GMA should be managed [3] . Land use planning has the benefit of increasing agricultural production [4] due to the decrease in wildlife-inflicted damage to the crops in the protected areas. Land use planning is a very important step that should be taken
Game Management Areas in Zambia
GMAs were declared in the National Parks and Wildlife Act in 1971 where protected areas were reduced to two categories: National Parks and GMAs. This Act was then replaced by the National Parks and Wildlife Act No. 10 of 1991 and later the Zambia Wildlife Act No. 12 of 1998 which established ZAWA. It was also in this Act that the inclusion of local community participation in wildlife conservation was done. ZAWA was the agency responsible for the management of the National Parks and GMAs, with GMAs managed in partnership with the communities through the Community-Based Natural Resource Management (CBNRM) program. A share of revenue collected from hunting licenses is used by the rural communities to employ village scouts and to support development projects, such as schools and clinics through the Community Resource Boards (CRBs) and the Village Action Groups (VAGs) [8, 24] .
Even with the positive benefits of the CBNRM program (such as creation of employment opportunities [25] ), problems like crop damage can lead to negative impacts. Currently, policies do not give any form of compensation to rural farming households that live in the GMAs if wildlife causes damage to their crops [8] .
At the time of this study, there were 36 GMAs and 19 national parks distributed around the country (see Figure 1) . ZAWA used revenue collected from hunting as a basis for GMA categorization [8] . The four categories of GMAs are: (i) prime, (ii) secondary, (iii) specialized, and (iv) under-stocked. In prime GMAs, there is a relatively greater abundance and diversity of wildlife species, particularly trophy species that are valued by licensed hunters, while in the secondary GMAs wildlife species are less abundant. Sustained hunting can take place in both GMA types. Specialized GMAs have fewer numbers of wildlife species (usually species in the Bovidae family, such as antelopes, impalas, and wildebeests, among others) and are found in wetland areas. As the name suggests, the fourth category, under-stocked, refers to GMAs that have suffered losses to wildlife abundance and diversity, primarily due to uncontrolled hunting and poaching [8] .
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Conceptual Framework
Crop damage from wildlife is a big challenge that farmers face in areas where wildlife and humans must co-exist. Communities participate in wildlife conservation in Zambia through representation in CRBs and VAGs. Although literature has demonstrated that communities do benefit from CBNRM programs [24] , losses from crop damage from wildlife can have deleterious effects in rural food security. A land use plan, by design, is expected to influence the way people use their land [1] and to respect land set aside for wildlife. In Zambia, preparation of land use plans includes a strategic planning process that considers the ecological and socioeconomic dynamics of the protected areas.
Land use planning process involves participation from different relevant stakeholders including the rural community. The inclusion of the local community members in land use planning is important, as they better understand the local context and social-ecological dynamics. Ostrom [26] pointed out how community members can organize themselves to achieve certain goals such as land use planning. Thus, the conceptual framework supporting this study proposes that communities that have developed land use plans are expected to experience less human-wildlife conflict and to suffer less crop damage compared to those that have not developed any land use plan.
Even with the social and financial benefits of the CBNRM program, problems like crop damage from wildlife can lead to negative welfare impacts. Currently, policies do not allow for any form of compensation to rural farming households that live in the GMAs in the event of wildlife-inflicted crop damage [8] , unlike in other countries such as Botswana [27] . Land use planning is sporadic among VAGs and CRBs, as the practice has not been promoted widely. The existence of land use plans in GMAs allows for the examination of their impact on the probability and extent of losses from wildlife-inflicted crop damage. 
Even with the social and financial benefits of the CBNRM program, problems like crop damage from wildlife can lead to negative welfare impacts. Currently, policies do not allow for any form of compensation to rural farming households that live in the GMAs in the event of wildlife-inflicted crop damage [8] , unlike in other countries such as Botswana [27] . Land use planning is sporadic among VAGs and CRBs, as the practice has not been promoted widely. The existence of land use plans in GMAs allows for the examination of their impact on the probability and extent of losses from wildlife-inflicted crop damage.
Methods

Data
Nationally representative data covering 2769 households from the Impact of Game Management Areas on Household Welfare survey (IGMAW), which was jointly commissioned by the Natural Resources Consultative Forum (NRCF), the World Bank, and ZAWA, as part of an effort to inform policy on the effectiveness of the GMA arrangements, were used. The objective of the survey was to estimate the effects of GMAs on the economic welfare of rural households residing within their borders. The survey covered areas adjacent to four national park systems: (i) Bangweulu (including Isangano, Lavushi and Kasanka National Parks), (ii) Kafue (including Kafue, Blue Lagoon and Lochinvar National Parks), (iii) Lower Zambezi (Lower Zambezi National Park) and (iv) Luangwa (including North and South Luangwa National Parks). This survey was carried out by the Central Statistical Office. For more details on the sampling procedure see References [8, 24] . The survey data were also supplemented with secondary data collected from various ZAWA documents.
Model Specification
The Cragg [28] tobit alternative framework was used to model the probability and extent of crop damage. This method involves doing the estimation in two stages, where a probit model is used in the first stage to estimate the probability of crop damage, and a truncated regression is used in the second stage to estimate the extent of crop damage among those that have suffered the problem. The two-stage model can be represented as follows:
where c is a crop damage dummy variable taking a value of 1 if the household had suffered crop damage during the 2004/2005 agricultural season, y i is the value of crop losses incurred, x is a vector of covariates postulated to explain crop damage, P is a land use dummy variable equal to 1 if the community had already developed a land use plan, g is a vector of GMA dummy variables equal to 1 for each type of GMA, δ and λ are coefficients to be estimated for the land use plan dummy variable, τ and ψ are vectors of parameters to be estimated corresponding to the GMA dummy variables, β and γ are vectors of other parameters to be estimated, and µ i ∼ N 0, σ 2 µ and ε i ∼ N 0, σ 2 ε are mean-zero normally distributed random error terms.
Although there are four types of GMAs, the study did not include any depleted GMAs because hardly any wildlife can be found for hunting purposes. Furthermore, in our specification, GMA categories secondary and specialized were collapsed into one category. This is so because there were very few specialized GMAs in our data. Thus, in the end vector g ended up with only two members, g1 (for prime GMAs) and g2 (for secondary and specialized GMAs).
Since the extent of crop damage and, hence, the effectiveness of a land use plan is likely to be greatest in GMAs with large wildlife populations, we also model this differential effect of land use plans. This is done by introducing in both Equations (1) and (2) interaction terms between the GMA effect and the effect of the land use plan:
where θ = {θ 1 , θ 2 } and π = {π 1 , π 2 } are vectors of parameters to be estimated for the interaction terms.
In this latter specification (Equations (3) and (4)), the effect of the land use plan can vary by wildlife numbers, represented here by the GMA dummy variables. Thus, the effect of land use planning on the probability of incurring crop damage could be derived from Equation (3) as:
+θ 1 , if g1 = 1 and g2 = 0 δ +θ 2 , if g1 = 0 and g2 = 1 δ if g1 = 0 and g2 = 0.
Similarly, the effect of land use planning on the extent of crop damage can be derived from Equation (4) as:
+π 1 , if g1 = 1 and g2 = 0 λ +π 2 , if g1 = 0 and g2 = 1 λ if g1 = 0 and g2 = 0.
All the models were tested for standard model specification problems such as heteroskedasticity and multicollinearity.
Having detected heteroskedasticity at the 5 percent level, we use heteroskedasticity-consistent standard errors in all the estimations. We include in vector x all the variables postulated to affect crop damage [8] . Furthermore, we suspected number of village scouts to be endogenous because a higher probability of scouts is associated with a higher number of wildlife, leading to a higher probability of crop damage. However, the test for endogeneity, in our earlier paper using this data set showed that number of scouts was exogenous [8] . Table 1 summarizes these variables and their postulated relationships with crop damage. Table 1 presents the members of vector x and proxies for ρ and the expected directions of their relationships with probability of crop damage. Several human capital variables are expected to be correlated with the likelihood of suffering and extent of wildlife-inflicted crop damage. The age of the household head, for example, was a proxy for experience. The more experienced the household head is, the more knowledgeable we expect them to be about wildlife and how to minimize human-wildlife conflict, including crop damage. However, younger heads may have the strength needed to thwart the actions of wildlife. Thus, we expect either sign on this variable. We also expect male-headed households to have greater ability to deal with wildlife, as activities such as wildlife scaring (and snaring) are typically in the male domain in these communities. Other human capital variables expected to be negatively correlated with crop damage include education of the head and labor supply as proxied by household size. More educated people are expected to have greater ability to analyze situations and to develop effective strategies for dealing with problematic situations such as wildlife attack, whereas larger households have a greater capacity to chase away wildlife from their fields. We also believe that the effectiveness of human capital endowments can be further enhanced by the household's wealth and physical capital endowments. Both consumer assets (such as television sets, radios, furniture, etc.) and productive assets (such as cars, trucks, farm equipment, etc.) are an indicator of wealth, and could proxy for enhanced ability to respond to wildlife. However, a household with more valuable productive assets would be well positioned to expand total cultivated area, perhaps encroaching upon wildlife habitat and increasing crop damage. Therefore, wildlife-inflicted crop damage can be enhanced by the size of the farm operation. The larger the size of the farm, the less control the household will have per unit area, and the greater the likelihood and extent of wildlife attack. We use the size of cultivated land area and value of harvest as proxies for the scale of operation.
The likelihood and extent of wildlife-inflicted crop damage is also expected to be inversely correlated by the level of human activity. The more remote a household is, for example, the greater the likelihood of incurring wildlife-inflicted crop damage [8] . The further a household is from the road, the higher the probability of crop damage. Infrastructure such as clinics and schools were also used to measure the effects of the concentration of human presence and activity. Households may also prefer working for paid employment as the presence of infrastructure offers a better source of livelihood in comparison to farming. As a result, this could reduce the likelihood of crop damage by wildlife.
Closely related to this are variables such as human and wildlife population densities, which inhibit and enhance crop damage, respectively. Because data on wildlife populations were not readily available and GMAs are defined based on wildlife populations, we use GMA classifications as proxies for wildlife populations. Prime GMAs have the largest populations of different kinds of wildlife. Thus, we expect greater crop damage in these areas compared to under-stocked GMAs [8] . Secondary and specialized GMAs have wildlife populations that are less than prime GMAs but more than under-stocked GMAs. This effect can, however, be moderated by presence of village scouts, although the scouts' primary focus is to help conserve wildlife.
Results and Discussion
Crop Damage
Many different types of wildlife damage crops in the GMAs. However, as Osborn and Parker [10] show, elephants are the single most destructive species and most of the wildlife-inflicted crop damage takes place during the harvest months of May, June and July. The IGMAW survey data showed that crop damage was mostly caused by monkeys and elephants, with 31 and 20 percent of households reporting to have incurred crop damage from monkeys and elephants respectively.
Socioeconomic Characteristics of Households
Significance tests conducted using t-test showed that there were significant differences between households in GMAs and non-GMAs as can be seen in Table 2 . Households in GMAs had lower average income levels, smaller household sizes, lower age of the household head and a lower average educational level compared with households in the non-GMAs. Households in GMAs also had fewer assets compared to households in non-GMAs. GMAs, as expected, are found in remote areas and are not densely populated compared to the non-GMAs. n.a. = not applicable; * 10% significance level, ** 5% significance level, *** 1% significance level.
Characteristics of Communities
Twenty-five (or 18.5 percent) of the 135 study communities had developed land use plans at the time of the survey. The t-test showed that characteristics differ in communities between those who did not have a land use plan, and those who have ( Table 3 ). Communities that had a land use plan had older household heads, larger fields and were not remotely located compared to communities that did not have a land use plan. Communities with land use plans also had a higher population density as well as a higher presence of infrastructure compared to communities without land use plans. A higher proportion of communities with land use plans were found in prime GMAs while a higher proportion of communities without land use plans were found in secondary or specialized GMAs. 
Two-Stage Model Results
The results of the two-stage model are shown in Table 4 where models 1 and 3 show the probability of crop damage while models 2 and 4 show the extent of damage. Further, the first two columns show the average partial effects (APEs) for the basic two-stage model without GMA land use plan interaction terms, while the third and fourth columns show the APEs for the two-stage model with interaction terms. When land use planning is not interacted with the type of GMA, the results suggest that the land use plan does not affect crop damage in any statistically significant way. However, when interacted with the GMA effect, land use planning can lead to significant reductions in the likelihood of incurring crop damage for those households that are in prime or secondary/specialized GMAs. Land use planning shows a greater impact in secondary/specialized GMAs compared to prime GMAs. This could be that communities in GMAs that have abundant wildlife may not see the point of organizing themselves to formulate a land use plan [26] . Land use planning, however, does not have any such significant effects on the extent of crop damage for households that have incurred crop damage.
The results from the basic model show that increasing cultivated land area by 1 hectare increases the probability of crop damage by 2.7 percent. This finding and the fact that the probability of crop damage is significantly greater suggest that unsurprisingly, a larger value of harvest and hence a larger farm, is more prone to crop damage. Additionally, increasing the value of harvest has a positive impact on the extent of crop damage. The results also suggest that households that are further away from the road are more likely to suffer from crop damage. An additional Km, on average, increases the probability of crop damage. This makes perfect sense as remote areas are more likely to be close to the national parks and to be further away from human activity.
Closely related to the remoteness variable is the presence of infrastructure, another proxy for concentration of human presence and activity. The results suggest, again consistent with expectations, that an additional physical infrastructure (such as a school, clinic, etc.) is associated with 1 percent reduction in the probability of incurring wildlife inflicted crop damage. The number of village scouts has a positive and significant effect on the probability of crop damage, showing that the presence of scouts is not advantageous to the communities, as they are only there for wildlife conservation. The presence of a prime GMA has a positive and significant effect on crop damage indicating that the presence of wildlife in the GMA increases the probability of farming households likely to suffer from crop damage.
The model with interaction terms in it shows some similar results to the basic model. The APEs on the probability of crop damage shows that increasing the size of the agricultural cropland by 1 hectare increases the probability of crop damage by 2.6 percent. The value of harvest variable shows a positive and significant effect on the probability and extent of crop damage. Increasing the distance from the main road increases the probability of crop damage whereas additional infrastructure decreases the probability of crop damage.
A household in a prime GMA has a higher probability of encountering crop damage (33.1 percent) compared to a household in a secondary/specialized GMA (5.7 percent). These results are consistent with the results found by Richardson et al. 2012 [8] , and the relationship is supported by the findings of related studies of wildlife-inflicted crop damage [9, 16, 24] . This shows that if a GMA has a high population of wildlife, the probability of crop damage is increased in such GMAs. Interestingly, when scouts are present in both prime GMA and secondary/specialized GMA they have no statistically significant effect, but they have a statistically significant effect on the extent of crop damage. Village scouts in the GMA could be used to protect farming households' fields from wildlife damage in addition to protecting wildlife [8] . The joint significance of the district dummy variables shows that being in a different district has different effects on probability of crop damage and on the extent of crop damage. 
Conclusions
The main objective of this study was to estimate the impact of land use planning on wildlife inflicted crop damage in the GMAs. This objective was addressed using a two-stage econometric model to identify the extent to which farmers cultivating crops in GMAs are more likely to be affected by crop damage caused by wildlife.
The findings showed that cultivated area, distance to the nearest road, infrastructure, value of harvest, number of village scouts and the GMA effect are important factors affecting the probability of crop damage. These results are consistent with other studies of the drivers of wildlife-related crop damage [8, 9, 16, 24] . The area cultivated, distance to the nearest main road, number of scouts, value of harvest, and living in a GMA are positively associated with crop damage. When the number of scouts was interacted with GMA effect it was found not to have a significant effect on the probability of crop damage but rather, had a significant negative effect on the extent of crop damage. Furthermore, the presence of a land use plan in the GMAs and infrastructure were negatively associated with crop damage. This result is a significant contribution of this study to the literature on human-wildlife conflict.
The findings revealed that a land-use plan has a significant effect in reducing the likelihood of crop damage caused by wildlife in the GMAs. These results highlight the importance of land use planning in preparing for future community needs, reducing human-wildlife conflict, and minimizing losses from crop damage. Therefore, the implementation of land use plans should continue in all GMAs to achieve these objectives. This will help the rural communities which co-exist with wildlife reduce the impact of wildlife-induced crop damage, thereby sustaining food security and rural development. The lack of policies to compensate rural community members when they suffer from crop damage makes land use planning even more of a valuable tool. In this study, wildlife population was not controlled for, instead GMA type was used in lieu of an aerial count of wildlife per GMA. Some communities might have a land use plan on paper but may not yet have implemented it. Further work hence needs to be carried out in this field to better evaluate the effectiveness of various types of land use plans. There is also a need to increase capacity and training sessions in land use planning and best practices. This is especially important as each land use plan is tailored to each user and community.
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